WHAT'S KNOWN ON THIS SUBJECT: Preterm infants are exposed to inadequately managed painful procedures during their NICU stay, which can lead to altered pain responses. Nonpharmacologic approaches are established for the treatment of single painful procedures, but evidence for their effectiveness across time is lacking.
The survival of preterm infants is dependent onhighlysophisticatedintensive care, associated with an exceedingly high number of painful procedures. 1 This is particularly true for infants with extremely low gestational ages (GAs) who also receive less analgesia. [2] [3] [4] [5] Repeated pain exposures during critical windows of central nervous system development 6, 7 are associated with permanent changes in peripheral, spinal, and supraspinal pain processing; neuroendocrine function; and neurologic development. These changes can be manifested by alterations in pain thresholds, stress responses, cognitive function, behavioral disorders, and long-term disabilities. 7, 8 Despite this knowledge, many painful procedures in NICUs are performed without pharmacologic or nonpharmacologic analgesia. [1] [2] [3] 9 Disadvantages of pharmacologic analgesia include side effects, questionable efficacy, and possible negative impact on neonatal outcomes. [10] [11] [12] As an alternative approach, nonpharmacologic interventions (NPIs) are recommended for pain management. [13] [14] [15] NPIs (eg, oral sucrose, breastfeeding, non-nutritive sucking, facilitated tucking [FT] , kangaroo care, swaddling) effectively reduce pain for minor to moderately painful procedures. [15] [16] [17] They promote self-regulation of the infant and provide oro-tactile, oro-gustatory, and tactile stimulation, capable of reducing infants' pain responses during most painful procedures. 15, [18] [19] [20] [21] Sucrose is recommended extensively for pain relief in preterm infants [22] [23] [24] and has shown to be highly effective and safe for single procedures by Stevens et al. 17 Sweet taste solutions seem to trigger endogenous opioid and nonopioid pathways. 25, 26 FT is described as holding the infant by placing a hand on his or her hands and feet and by positioning the infant in a flexed midline position while in either a side-lying, supine, or prone position. 27, 28 This technique provides the infant with support and the chance to control his or her own body. 16 Several studies reported that FT stabilizes behavioral and physiologic states during single heel sticks and endotracheal suctioning, reducing the infant' s stress in coping with pain. 16, [27] [28] [29] [30] [31] Although current evidence supports the effectiveness of NPIs for a single painful procedure, there is little research examining their effectiveness across repeated painful procedures. To date, few studies have evaluated the effectiveness of sucrose over time, [32] [33] [34] [35] [36] and none have evaluated FT across time. The combination of 2 NPIs (eg, oral sucrose and FT) may have additive effects by stimulating infants in a multisensorial way to cope with the painful experience. 18, 37, 38 This study compared the impact of sucrose and FT alone and in combination on pain reactivity across multiple painful procedures. Randomized groups received oral sucrose, FT, and a combination of both strategies to evaluate possible additive effects. The primary outcome was pain response measured by the Bernese Pain Scale for Neonates (BPSN) total and component scores. The secondary outcome was the impact of gestational group (24 0/7 to 27 6/7 and 28 0/7 to 32 0/7 gestational weeks) on the effectiveness of these interventions.
METHODS

Setting and Sample
This randomized controlled trial was carried out in NICUs of 3 university hospitals in Switzerland from January 12 to December 31, 2009. Infants admitted to the NICU during this period were assessed for eligibility according to the following inclusion criteria: born between 24 0/7 and 32 0/7 weeks of gestation and anticipated clinical need for at least 5 routine capillary blood samples within 2 weeks after birth. Infants were excluded if they had severe intraventricular hemorrhage (grades III and IV), had life-threatening malformations or disorders affecting brain circulation or the cardiovascular system, had undergone a surgical procedure, had a pH ,7.00, or had any problem that could impair pain expression.
Sample Size Calculation
By using sucrose only, we performed a feasibility study to calculate a preliminary power analysis. 39 We formulated our calculations based on the assumptions that sucrose and FTwould have equivalent effects that would sustain over time. According to this analysis, a group size of n = 24 for each intervention group (n = 72 total sample size) provided adequate power to detect a pain reduction of 33% for the combination group relative to the 2 single intervention groups with a power of 80%.
Data Collection and Management
Data were collected during 5 nonconsecutive routine heel sticks (T1-T5) between postnatal days 2 and 16, with the first heel stick performed no later than day 4. For other painful procedures including heel sticks where data were not being collected, the infants were provided with sucrose 20%, which was the standard of care in all participating NICUs. Because the timing of blood sampling was determined by clinical considerations, there were no fixed time points for data collection. Demographic data were collected from medical records.
Data collection occurred during (1) baseline (before any manipulation), (2) heel stick (skin preparation, heel stick, and hemostasis after blood was drawn), and (3) recovery (3 minutes after the heel stick). Most heel sticks took place in the morning and each infant was undisturbed for at least 30 minutes before data collection. Phases were videotaped (Panasonic high-definition camcorder, model HDC-HS9, Osaka, Japan) for at least 3 minutes by a trained study nurse by using a standardized procedure. No recording occurred during heel warming (2-3 minutes) between the first and second phases. The infant' s nurse performed the heel stick. Sucrose was administrated by the nurse, whereas the FT was performed by a second nurse or trained study nurse. The exact time of the videotaping of each phase was documented, as well as the duration of heel sticks. Fifteen videotape segments were produced per infant (3 sequences per procedure 3 5 heel sticks = a total of 1065 video sequences for the study).
Each video segment was checked for quality and digitally edited by trained study nurses by using the Final Cut Express software (version 4.0. 1. 2002-2008 Apple Inc, Cupertino, CA) to eliminate any information that would have indicated the heel stick phase. Video recordings of poor quality were discarded (n = 10). The final sample of 1055 sequences was assigned in random order in relation to the number (T1-T5) and the phase (baseline, heel stick, recovery) of the heel stick being recorded. All digital records were provided to 4 nurses for assessment of pain responses during each sequence. The videotaping procedure was designed to ensure that the raters could not see if the heel stick procedure was being performed.
The NPI groups were (1) oral sucrose 20% (0.2 mL/kg), (2) FT, and (3) a combination of both interventions. Sucrose was administrated orally ∼2 minutes before the heel stick. If the infant seemed to be in pain during the heel stick phase, up to 2 additional doses of sucrose were administrated and noted in the study chart. FT was started at the beginning of the baseline phase, and the infant was "tucked" through all 3 phases. In the combination group, the FT was started at the beginning of the baseline phase and sucrose was given 2 minutes before the heel stick.
Variables and Measures
Information about GA, method of delivery, gender, parity, birth weight, Apgar scores, mechanical ventilation or continuous positive airway pressure during the heel stick, and number of painful procedures each day was collected.
Pain response, the dependent variable, was measured by using the BPSN total and component scores. The BPSN contains 9 items: 3 physiologic (heart rate, respiratory rate, and oxygen saturation) and 6 behavioral (grimacing, body movements, crying, skin color, sleeping patterns,consolation) items. Physiologic data (heart rate and oxygen saturation) synchronized with the 3 phases of data collection were downloaded from the clinical monitoring database for the BPSN. Raters counted the breathing rate while viewing the video sequences. Raters scored behavioral items and breathing only; heart rate and oxygen saturation were scored by using physiologic data collected during each phase. Each item was scored on a 3-point scale (0-3 points). Higher scores for the behavioral items and greater changes in the physiologic items indicated increased pain, whereas a total score of #11 was considered nonpainful. 40 The neonatal nursing experts who rated the video sequences attended a standardized instruction session about how to perform the rating and they rated the sequences independently.
Initial psychometric testing of the BPSN demonstrated good construct validity with differentiation between painful and nonpainful procedures (F = 41.27, P # .0001) and intrarater and interrater reliability correlation coefficients of r = 0.98 to 0.99 and r = 0.86 to 0.97, respectively. In a recent revalidation of the BPSN, a cutoff score of #11 was considered nonpainful (sensitivity of 100.0% and specificity of 89.4%). 41 For this study, 3 BPSN scores were calculated: the total (T-BPSN), behavioral (B-BPSN), and physiologic (P-BPSN) BPSN scores.
Interrater Agreement
Interrater reliability for the T-BPSN scores in this study averaged 99.2% for the 5 heel sticks (range: 98.8% for heel stick 1 and 99.8% for heel stick 5). Because the interrater reliability was very high, we used the average raters' BPSN scores within infants over time (5 heel sticks). Within-infant variability in T-BPSN scores across time was high (86.3%, P , .0001). Interrater reliability for B-BPSN scores was 98.8%. Interrater reliability, measured by Cronbach' s a coefficient, ranged between 0.90 and 0.95 for the different phases.
Randomization
To ensure equal balance of the intervention group per site, block randomization by using SPSS, version 16 (SPSS Inc, Chicago, IL) was performed. For each site, 8 infants were randomly allocated to each of the 3 interventions (24 infants per site, and 24 infants per intervention group for the entire study sample). For each site, group assignments were sealed in opaque envelopes and consecutively numbered. When parents consented to participation, the envelope was opened by a study nurse and theinterventiongroupwasrevealed. Envelopes were prepared by a study nurse not involved in the data collection process.
During the study period, 201 infants of ,32 weeks of gestation were assessed for eligibility to participate in the study. In each site, a study nurse called the referring NICU daily and asked if any new infants were eligible to participate in the study.
Ethical Consideration
The study was approved by the ethical boards of the Cantons of Basel, Bern, and Zürich. Written informed consent was obtained from a parent. The study design did not include a no-intervention control group based on the evidence that exposure of preterm infants to ARTICLE PEDIATRICS Volume 129, Number 2, February 2012pain procedures without treatment is harmful. 14 
Data Analysis Procedures
All data were analyzed by using IBM SPSS statistics software (version 19) and SAS (version 9.1) (SAS Institute, Inc, Cary, NC). Data entry quality was controlled by double-entry procedures and an error rate of ,1% was detected. Descriptive statistics were used to describe the demographic and medical characteristics of the infants, whereas the x 2 test and Kruskal-Wallis or MannWhitney U tests were used for comparisons among the 3 intervention groups and between the 2 GA groups. The mean number of painful procedures was compared per site per infant per day, by using 1-way analysis of variance and post hoc Tukey test. Correlations between physiologic and behavioral items of the BPSN were calculated with the Pearson coefficient. Clinical site, GA group, number of painful procedures, and heel stick duration were examined as possible confounders on the impact of the NPIs on BPSN scores; none had a confound effect. The primary hypothesis was tested by using a repeated measures analysis. We used a random slopes regression model, which allowed each subject to have his or her own regression over the 5 heel sticks. Because of high interrater reliability, scores of the 4 raters were averaged and transformed logarithmically to satisfy the assumption of normally distributed residuals. For comparisons among the 3 phases, scores across the 5 heel sticks were also averaged. An a of 0.05 was considered significant.
RESULTS
Sample Characteristics and Number of Daily Procedures
Seventy-one infants were enrolled in the study and all but 1 had complete data.
FIGURE 1
Flow diagram of the recruitment and randomization process.
The fifth heel stick was missed for 1 infant. Figure 1 presents the flow diagram of the recruitment and randomization process based the Consolidated Standards of Reporting Trials guidelines. 42 The mean GA of the participating infants at birth was 29.2 (SD 61.8) weeks, mean birth weight was 1174 g (SD 6337), and mean number of painful procedures during 0 to 14 days was 201 (SD 6104). Sample characteristics are summarized in Table 1 .
Testing the Effectiveness of the NPIs
We compared the effectiveness of sucrose, FT, and their combination in reducing pain responses during heel stick procedures. Table 2 presents the mean scores of the T-BPSN, B-BPSN, and P-BPSN scores for the 3 intervention groups. The correlation between the infants' mean behavioral and physiologic pain scores across the raters and phases of the heel stick was low (r = 0.19). Effectiveness of the interventions was examined by comparing mean pain responses over all heel sticks. Figure 2 presents the mean behavioral and physiologic pain scores over all 5 heel sticks as predicted by the regression analysis. During heel stick phase, the FT group had significantly higher B-BPSN (P = .01; .007) and P-BPSN (P = .0002; .003) scores than the sucrose and combination groups. During the recovery phase, there were no significant differences in P-BPSN scores, but the combination group had significantly lower B-BPSN scores than both the other groups (P = .006; .008). increased significantly from heel stick 1 to 5 (P = .01), whereas there were no significant changes for the sucrose (P = .08) and combination (P = .43) groups. Overall, B-BPSN scores showed no significant changes over time, but the slope between heel stick 1 and 2 decreased significantly (P = .01) for the FT group and the slope between heel stick 4 and 5 increased significantly (P = .03) for the sucrose group.
In the sucrose and combination groups (n = 47), 21 infants (44.7%) received additional doses of sucrose. During heel stick phase, infants who received additional doses of sucrose had significantly higher B-BPSN scores than those who did not receive additional doses (P = .02), whereas their P-BPSN scores were not significantly different (P = .50). There were no significant differences in the recovery phase behavioral (P = .85) or physiologic (P = .26) pain scores of infants who did or did not receive additional doses of sucrose.
DISCUSSION
The findings of this study show that either sucrose alone or sucrose in combination with FT remains effective across 5 heel sticks in preterm infants
FIGURE 2
Slope testing NPI groups and phases.
of ,32 weeks of gestation, whereas FT alone appears to be less effective. Furthermore, the results indicate that the combination of sucrose and FT may have additive pain-relieving effects during the recovery phase.
Our findings are consistent with previous studies regarding the efficacy of sucrose over time. [32] [33] [34] [35] No sign of tolerance to the analgesic effects of sucrose was observed. It is important to note that FT was not lacking efficacy but rather was less effective than the 2 other interventions. The mean T-BPSN and B-BPSN scores during all phases were ,10 points, even for infants in the FT group. Previous data suggest that a T-BPSN score #11 points or a B-BPSN score ,8 points is considered as "no pain." The efficacy of FT has been described in several studies, 16, [27] [28] [29] 43 although these studies did not compare FTwith other NPIs. Our study is the first to compare the efficacy of FT or sucrose across time with its efficacy when used in combination with sucrose.
Infants in the sucrose and combination groups who received additional doses of sucrose had significantly higher behavioral pain scores across all 5 heel sticks. Regardless of these findings, there were no differences in recovery phase between infants who did or did not receive additional doses of sucrose.
Our findings correspond to those of Johnston et al, 44 who examined the effects of repeated doses of sucrose in preterm infants receiving sucrose solution or sterile water either 2 minutes before, just before, or 2 minutes after the heel stick. Their results showed that repeated doses of sucrose, at 2-minute intervals, increases the analgesic effect in preterm infants.
Another previous randomized trial questions the analgesic efficacy of sucrose, based on EEG and electromyogram recordings in healthy term newborns (37-43 weeks), receiving sucrose or sterile water 2 minutes before a heel stick. Slater et al 45 found no differences in nociceptive brain activity or in the magnitude or latency of the spinal nociceptive reflexes after the heel stick, between infants who received sucrose and those who received water, although Premature Infant Pain Profile scores and pain-related facial expressions were significantly reduced in the sucrose-treated infants. These findings contradict data from a large body of literature supporting the analgesic efficacy of sucrose or other sweet solutions. Moreover, there are several methodological concerns related to the Slater et al study 45 that make it seem premature to conclude that sucrose is ineffective based only on its findings. 46 Although the differences between the sucrose and combination groups in behavioral and physiologic scores during the recovery phase were statistically significant, the magnitude of these differences is probably not clinically meaningful. This poses a critical question related to the costeffectiveness of this intervention. FT is a time-consuming intervention, which could be used as a procedure to enhance parenting or bonding, but needs to be questioned as a nursing intervention. Although there are promising findings regarding FT as an effective NPI, 30 the challenges of this specific intervention in nursing practice need to be reconsidered in an environment characterized by economic constraints. 47 The methodological strengths of this study are the strategies undertaken to enhance the internal validity of these results. The use of 4 trained and experienced nurses to perform pain assessment, the randomization of the sequences to blind the raters to the phase of the procedure, and the thorough elaboration of each single video sequence reduced potential biases.
Heel stick
FIGURE 3
Pain scores over the heel sticks for phase 2 (heel stick) measured by the BPSN. There are some methodological limitations in this study, however. The raters could be only partially blinded to the NPI group because the clear visibility of the FT procedure could cause possible bias. Nevertheless, raters did not know if the infant was in the FT-only group or in the combination group. A further limitation was the exclusion of a nointervention control group owing to ethical considerations. Long-term consequences of repeated doses of sucrose were investigated in a small number of studies, but there are no conclusive findings regarding the risk for poor neurologic outcomes. In the current study, we did not follow infants for neurologic outcomes. Further research regarding consequences of prolonged use of sucrose is needed. Another limitation of this study was that although the original protocol was for infants in the FT-only group to receive FT for all painful procedures during the time they were enrolled in the study, staff shortages made it impossible for nurses to implement this procedure consistently for nonstudy painful procedures. 47 Consequently, these infants were treated with oral sucrose 20% (the standard of care in the units) for nonstudy procedures. The impact that this had on the efficacy of FT alone is unknown but it is possible that consistent use of this procedure may have altered its efficacy.
CONCLUSIONS
The results of this randomized controlled trial provide evidence that oral sucrose alone or combined with FT remains effective in reducing heel stickrelated pain over time in preterm infants (24-32 weeks), during the critical phase of the first 14 days of NICU stay. These findings have important clinical implications for the management of pain in preterm infants of low GA, who are at risk for a high frequency of painful procedures during their NICU stay. During the recovery phase of the heel stick, the combination of FT and oral sucrose was slightly more effective in reducing pain than sucrose alone. This difference was not, however, clinically meaningful, particularly given the additional resources needed to implement the combined intervention. We are grateful to all parents who consented to include their preterm infant into the study. We thank all the nurses, head nurses, and medical directors of the Children' s University Hospital, Basel, Bern, and Zürich, for their efforts to make this study possible. We would further like to thank the New Media Centre team of the University of Basel for the excellent and professional support in the video-data elaboration process and supervision of research assistants. We also thank Dr Kris Denhaerynck for the professional statistical support. Finally, this research would not have been feasible without the help of students and research assistants of the Institute of Nursing Science of the University of Basel.
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